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(54) IMPROVEMENTS IN THE PREPARATION OF 
IM7-CYCLIC ACETALS AND RETALS OF' .... 
-^i *r«ALOSTEROIDS 




v (71) Wc^LARK -S.P.A^ of 25/ A= Via F. Filxi, 20124 Milan, Italy, an Italian 
body corporate, d?,hereby declare the invention, for "which wc pray that a patent may 
be gtanted to ua, and the method by which it is to be pciforrocd, to b^particiuarfy 
. . deserved in arid by. the f olterii^ sutement:— * ■ ; .v^ . ^ - . 

l : ' This invention rdates fb an improved process for" preparing 16,17-cyciic.acetals 
4°^ fa ^iBlifr g^*^ * *ft I7a-trihydroxy sterols, of the /pregnane ' aeries.- ^v^- 
Ic : a^^^Pl^tf . clus sucH. denvmtivnty particxtlmriy . tik09c:'wat±a <Jptxl>le boods in the ' 

, 1,2 and 4 > 5-p6iitibns > have a remarkable antiinflammatory activity, due, to the stxmit- . 
taneoua praeaKe.in the uexoi^ ketal group in the 

. lM7Hpoaftipa and ..the. halo*tnm and hydroxy group i{t the 9a aod^il^ {rations- , 

- respectively*;;' *'« • • ~Y- ■ . *.: 

- *v Ir fa aJto art that the focmtfcn of the I6»17"Cvdk 

- acetai or Ketai arid' tterinttoducom ot«%ner 9*-halo and U/Miydrary in the, same 



15 



^chicv^ by qust^ 

different and requir ing specie reactants and involving different positkms in the; 
wrumlaJ rii^ — r~~f" — - ,• ■' '-;.'/••--..- y, . , ........ >r - . . " 

As a martfr rf f a ry'fhe methods dcirrihcd in the Uteriture for th e preparation 
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of s a id rif rit i tivrt enrvriu cit h er i n treating the 16n|17u - dihydroyy ster o ids o f the 
pregnane aeries already containing the ftrhalo atom and ll^-nydrixy moup, iridr^^^^^; : 
an aldehyde or a ketone, or by introdoring toch ftrhalo atom and ll^ydioxy group ' 
in$> derivative* akeady having . the 16o,17<*<yclic acetal or ketal : group, 
:■— r .It/haa now surpr&in^y been ; found: that bj alknring the ^ltjj-epoxides of the ' ^ 
: 16W7<rdihydtoxysterc*ds t>f ^ 'pregnane senes to react with a minimum quantity 
of an aqucoda soratMDUjT h^ that stokhio- ' 

^metrically required f or the. hydrahabgenation rcao^ tin the presence of the ofceea- 
^aarr qoandty of .the required aldefa yde or ketone, it b possible to accomplish in one , 
-single step both the introduction of the halogen m the 9a poution^and tie hydroivt - 
p. in thejl^posiricm « tt the fbnnatkia groups 

Aooor dia j g to the proem irmntion dim' ta (mn^^ for the prepi^a- ; 

dm of l^l7oHTfdfc acetala or ketali of 9^^^ 

ktiie- pcefianieL: series, which comprues treaxtng the ^Allfl-ef ^^p ** >^c Hgrn 1 ?^ — 
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- t - aihyatoxy xae m «ma wrtl| 1 rHnfTnilTT^^'^ nf-a^imt»^ydrryn halkte a* kwy 
^v: : »» ^P 1 *? 1 ^ i» «t Jbekrw the amount stoiditometricaBy required for tbeV h^bo^ 
y^r^&^r ^^^ f ^ /' | gy^..^.-^ ; pw»<poc of the neeemry: qusintiry of d>e selected aide*; 
x ^ the uW)ie reactioa of hydrohilo- 

;V;;^^^ |tttt^ ,aBd s rrgrrnriorr p^ • ^20.^C v 

;v^'^i eatables; -^addcre- in oxk sii^le " atefTi'; double 
• 40> - > ^ practical and economical adrsntages, since ti« rnethod can 

hi taicd: tafeatriagy.: It has- abo been objerved that the yim obtained by the^irnj: 
^ : P object of this Invemi OQy. ate'* not lower to that of the-. 

' "*"*methoA already kiwwn, axxl fa some caaes even higher. ; . : " /. : 'r":" ; '-. v'V^^:^-:' 



a '-. • t *- r^-^?. further 
' to the 




of the^pream iirvetffW» ^ the 21-eiter* of 2I^yioa^; 
17<ydic acetala or kecab of iho • t giia ne . series may. he ob> 
s 21^ater startir^ rxateiiaL ^ 

oal «ep ( rontmfng in the eaterificatiorkscf 
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the primary alcohol fubctsoo tn 2 1-positioo) following the one of the formation of. 

(he fe»l7-cyclk acetalor ketal dcrrmive'k \ 7 - - 

~ NAccording to the Trtbo4 of thi« invention, tKc aqueous solutions of hydrofluoric 

• and hydrcchlorfc arid arc the prefer red hydrogen hslidea. The cooexntntion of hydro- 
fluoric add in aqueous solution a suitably comprised between 40% and. 70% (w/w.) • 
taSr&m^d hydrochloric acid between 20% and 37% (w/w.). . «. 

~ : "The" quantity of hydrogen bolide to be used for the conversion of 9/?,M/?-epoxide" 

jnto-ji*_corr^^ 

process dTHua invention, aunt be nunimuxn, obviously noc mfenor to the quantity 
itoschiametricaUy required for the hydrohsJogexation reaction, is order not to -inters / 
fere with the simultaneous formation of the acetal or ketal group in the 16>17*Dosi-; 
.tion. This quantity may. vary generally from OS to* 10 milhlitres,. and preferably from' 
I to 5 milLuitrea per gram of the. sauting cpoxysteroid. . 

Also the quantity of aldehyde or .ketone necessary for the formation of the 16,17- : 
cyclic acetai or ketal group should, be comprised within certain limits and it is 
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between 0.1 and 6 miflilitres, 



generally- between 0.1 and 6 miflilitres, preferaMr 
main ut lU e i i ami r g 9jM l/^p0x y-l&t,l 7 q^ 



bu w um 0.5' and 3 millilitres, per^ 



Suitable aldehydes -or ketones employed 



to the process of this invert 
" hydrate, propanal; bexanal, . 



Bon. are: formalde hyde rpatfddehydeV acctaldchyde, < „ ...... 

benzaldehyde, p^dilorobe^kkhyde, p^utrobenttldehyde, acetone, l-chloro-acetooe, 
l£^chloroacetone, l»l,Ktrifluc4rcacetooe, diethylhetbne, dibu rylketone, njeth ylethy i- 
ketone,. memytisobuTyOxtoney cydopentanone, 'cydr^^rirme,. acetc-phenonc, - p- 
chkttoac^ propiophehone, p-<hfiwopropiophenortt and . 

^ - above mentioned quantities of aqueous hydrogen halide and of aldehyde or 
ketone are the optimal ones for the complete, conversion of the starting* epoxide; into . 
the: desired final prod u ct and for achieving, higher yields during the simultaneous 
ctoubk reaction of hydrohalogenation anil acrtalrra tion or totalization. : 

fa starring material for the improved proceu, object of thi s; inventi on, 
_9>£yL£epoxjM^ 

Particularly suitable are the 3 - ketb - 9fi 9 llfi - epoxy - 160,17a - dihydroxy 
pregnanes, ^-pregnenes and ^ I 4 -pftynadienrt. - :: : - 

' The presence of subttitnenra. in other positions of the steroid molecule, for ex> 
ample posiaoos AO and 21, does not impair tbe double reaction wmca is tne cnarac* 




temtic feature of the 



t process' of rnit invention. " ~ " -7 y — ___ — 

— . ■ The meth o d is o f general ap p l ic a ti on and can b e particularly e mplo y ed fo r the^ 
-H»nvcnJon of the 99 , ,ll)&-<poay-16^ 1 17<ap<i^ (Formula iy to the cor-, 

responding 16^17oHcyciic acetab or ketals of the $b4iaio-lig^ydroxy d eriv a tiv es 
: (Formula 2V - ,. ' \ ' *V ' r - . - -V *-7' • 




••■a.--.;-". 




^whert m: doctcd^ fa the presence of § tirjt^ cjt : double bc<^ 

' : C r and CT»od terween ^ bond between C» and 




_ in poai t inA S is q-oriented; . . ..;/ - : - ^-i:7v^ r --v-' 

Y are h y dr og en , halogen (preferably a or F) ox methyl; when there ts 
bond between. Cf and' C% X is <r-oriented; ".-*^*-'---.-. ■ £j"T 

ia; fltjorine: br chlorine; : • :, ■: /: *- :. : 'J""- : 

Z is hydj og m br, halogen (preferably F%; or a free or caxboxylic aooVesttrihed , 
hydroxy 'group; .-*.-;%- - v > -v" -" ■ y'\.' '{- 

- ■ * ! P u wtoffivlower alkjiVr^ lower (Q-rCt) nXt^i 



of-, substituted 

or what ftu ted ■ benzyl*. * ■ . ^ ;_~ : y .) * * . : y ■*• .:. . . y- j * *Z . 
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__Tt piri l rTtnrmtft ri mirth l r V.l Ifi cp ?*V l&U7<^ydwar«te^^ 
tug materials in the process of this inrenucm, txc: ' ' 

9|P,ll/Ncposy-16ar,n<r^ydfOsy-6^^ 

------ -^M. 1 **!^ - 

W.UA-<po^lte>17< r dihydroxy«^^ 

y ' j f ^" c P OK ^" * ^ ^ 7<rst*faiftirPTy^r^orp-2 1 -fluoroprrgn^ l t 4*\'r~^^™**^- 



uiocDprcgnfcJ 



9ft 1 l^-*poxy-l&T^7*rdaiydroxy-6W^l «iifluorotn*gna- fA^tia^iJfcdkxX*, - 

. 21-esten; •> ■ . ' ; \* *: * ■ . 

9/Ul^epoxy4&T,17A,21-trih^ 
corresponding 21-esters; . 
9/M W-epoxy-16\r47«T,21-tr^ 

tod corresponding 
21-otcri; . * . . / v-" .. 

2v?<po^4i6^17tf^f *crihydioxy- 

. u»i t HXffi d^2 l-« t m; — ■ . .■ . — ■ — ; — — ^ — . , 1 ' 

90,4 l^po^ 1^,1^ and 

* corresponding 21 -ester*; v. 

9l,ll/?^*^l&Ej7a21-trih^ • 

,c«tc*p oo diog, 2 betters 



9^aiA^P^^6a f l7a^l-trihydroxy^ and cones- -. . 

* \ cocreapprtniog 21-esten; ■ 

y&llfi-epoxy-lfetPorJl-trihydra^ and 
. corresponding 21-estersy . . . — ■-■ . 

.^,111^*7-16*17^1^ 

^_ . corresponding 21-ssters; . . 
9/frllfr c poxy 16^17uJ£l -- trihydwxy^i - a * 

• . \cx>ncsfopjdiQg"21.-<stcrt;. . ■ . ..V'?'" 
Typfct i ci c nnp l et of 2 fes t ers o f th e above m entione d 



— : — ; yi"* f^mptei « *i-w en o t tft c a oo ve-menoent d Vftii/J -^poay- l ft tfyl/ti^N 
trihydrcacysteroids arc: 21-aeetates, 21-propwnates, 21-buryratea, 21-valeratev 21-' 



21-tgibuiy laxmes, 2 l^yUoueniyipiwionaia and 21-b6nimiei. 



The reaction is generally carried out as follows:- the aqueous hydrogen halide 
employed is cooled to a temperature between 0°C and — 30°C and then the selected 



10 



!5 



20 



25 



30 



40 



45 



.akkhy 



ft w^dfH with stirring- 



r ° ^ the sekcted starting epoxystetoid isisdded JUternatrfdr 

withouj affecting the reaction course, the - steroid addition can precede the addition 
of the aldehyde or ketone: J>uring the operation the reaction mixture is maintained 
.at'a' trmprraturc between -15* to +20*G : ^'-V'"":' 

The reaction time nay vary from 2 to 24 hours, essentially ttepeadinji ; upon the 
nature of the staniM. steroid --7- : - ■.* •> ' ''\..v:— • \ 1 ' ■ : ■ v'. ' 

contr o l l e d by thin-fayer chromamgraplry.and^ completion of the"reactkm, the 
mixture a poured r 4n^water__oc:jmer containing substances able to neutralize 1 the 
unreacted hydrogen halide, as, for example, aOoli metal or atmnonhim carbonates, 
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Isola t e d b y ffluaiion, w ashed t faorpu g ^l y w ith w atgr, dited and cf y stalted from ? 
r suitable sohrentv " ' • • '-■ ■ • /V - .>V"-y .' '. ; * , 

If the aldehyde or ketone employed is watet-lniniiscih^ 

^¥ g?jr*«g » forn^In this caje the product mar be- isolated by extractioi) 
^'wim a suitaWc sormit. *^Vv?'-- ■:■••**..":■'■ i'7 ->v- 

'aL- ^ fc B*?^--««#lnV«Pe'l^ » IUustrate 'die improved : briic^ d 
5 « present hrmjoop. ; ;/ \.v-.L; ^I 7 ^.^-' -> ? ^V r * : ^ v*^.*:v<";: 

T> : ' Trimriniolone J<^17^acetomdc 2l-acetate*' v -' : - : ^ 
v i ' -To JO ml of 70% (w/w) aqueous soiution of hydro£ooric sii Rr^cooled : 
to:— 30*C, 5 ml of acetone are added. To thk stirred solutson S t of 9AlW * epoxy- 
: "looff^l^ 3^0 - aiooe> 21 r acetate are added 

■ potiioiiy ise; mairrtiimn t the ttmperature betwecn.- J 20°C and — 3(> # C The reactitjn 
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The trtnpmrurc b then allowed to^rise to— 5*C and the mixture a allowed to 
react at this temperature for about 4 hours. 

' The fraction mixture is then poured cautiously into about 200 mi of. a miature 
of wifcr.and ice with vigorous stirring t ■* : 

y The resulting precipitate ts fumed* washed with abundant water to neutral, dried 
and then crystallized from a mrthamti-^pethyseoc chloride mixture, yielding 2 g of 
.the desired product, having the following characteristics'. . .. . 



5 v. 



: MJj *2i 6 *£ ( w ith dfe o ttp o m i ou T- 



1<*W + 115.8* (c=i%;«dioxane) 
XvJl* 9 239—240 nvi («« 15,000) 

3430, 1755, 1730, 1662, 1620, 1608, 1300,-12*2 and 742 cm 

Following the same, procedure and starting from- 21 -esters different from the 
acetate, other 21 -esters of 9a - chJorb - ll£,16a,17a,21 - tetrahydroxypregna > 1,4"- 
dfcne - 3,20 ? dione 16,17 - acctonide are prcpa red" such as 21-propionate, 21-buryratc, 
21-vakrate, 21 -trimethylacetate, 21-tmbur vbcetatc, 21<vdooemvh^Dio nate and 21- 
. benxoau.- \ . r . ■; '. ■ ~ . . . .. ■ 
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Example 5 
FluodnokSne 16>17-4cetonide 

L : /(Rer* 



Two gratns-of 6a ^ — 7 - .~-,.,«,~. 

1,4 - &ene -320- dione are created as described in Example 3; flte^crystillization 
from a' ch to ec fom - mrTh i no l mixture 1.9 g of Buocinolooe acetonide are obtained show- 1 
-ing the folHRng characteristics: 



>regna« 



MJV268*C (with decompo si tion) 
I«1d s ^ +93.5* (c=l% t ;dioxane) 
W° m 239 nvx (#t=l6\200) 



50- 



:25:''- 



JExampJcj&_ 



\ Tnamrinotone 16,17-frtntroacctophenide 

. Two muliliteri of a 50% (w/w) aqueous solution of hydrofluoric add are cooled 
lb ~30*C To this stirred solution • first 1 g of p-nitro acctop 



.wise, while rmnratmng"tnc temperature between — 20? and -30°C, 1 g of 9&U£- 
e poi> 16uq7t » >21 - tn& j ^oavpiutua V 1,4^ - 



30 



reaction » carried out as described in Example 1. 

At the end of the reaction (about 5 hours) the reaction mixture is poured slowly 
into 20 ml of a 40% aqueous solution of potassium acetate under stirring maintaining 
the temperature, at about 20°C The resulting crystalline products is filtered; washed 
\with water and-dried. After crystallisation from ethyl acetate 1.2 g of the desired 
product are obtained* showing the folkming characteristics; 
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MiP; 255 *C (with , decomposition) v 
[a] D " % +5 # (c=l%, diotane) . . : - 'V^,.;. • ^w^:- 

^•°« 243 mu (« = 20^00) ; ■ \ ~; 7 -; • 

r-U^f 3430, 1720. 1666, 1621, 1609, 1524, 149< 1353 r 1296, 1102, 1064, 972 
: and 830 - 
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Example 7 
live of uiaa 



B enraldehy d e derfy alive o f u iac s uaol oac 21 -a c ctatfr 



T o 2 mTuf a 30%. ( w / w ) aqueous ablution o f hydrofluoric acid, previ o usly coo *«r 
m -30*C first I ml of benxaldehyde and then 1 g of 9^,11/? • epoxy . 16o,i7a^l - 
1,4 - dltne - 3 ,20 - dione. 21 -acetate ere p ortionwi sc added with 



4Si 



50 



AThe reaction is carried" out a% described in Example 1. At the end of the 
action (ab6u^4-ho^ treated as described in Example & 

An^o^y product is separated , wttdf is extracted with ethyl acetate. : The combined . 
extracts : are washed . with, water,' dried over anhydrous soajuxn sutfatey and coocen- 
traied. The residue obtained is taxen up with tnetfcanol to gfre, aftdr filtiation, t g 
.M-J^'ctfrnbt, product,' taring, the f olfcwing jjba r acter is tfcs i ■ ;XV . .;=.y. 

• ALRf 287 0 C (widi <feaa u ^ •'• ' ?^.^k"---W fc ^vv 

;^r^ 1665il61< 1607, 1300, 1238,1068, 971 and 831 cnrV 
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AtP. 245»C (with diwnpowdon) 
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''iVSf.J^ ^ l621 ' l6 >°> l301 ' 123 * .m .1080, *73 «d 



• .•■ N Q • : v . ' Exaxnpfc ft *' ■ ' - . •• 
- — After z ftours tfce mnvmkM uTr^mnU^ i .i • ... — ' — : : — —r- - 
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_ Example- 10 ■'•■■*. • . \ : 

thae Jtoun. ^ - Enppfc 2. The racoon t» completed within about / t * 



Whdo: J* 0 . "* < f? ured Producti thbwmg; the following dune- 



<l«J»" " 



; WHAT WE CLAIM IS:^ 
1; A process for the 
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< g !&T ;i7d-<yclk acetals or icetais of fe-iulo-* 
.scries, which comprises frying the 
"Oxv derivatives with a mint**.-* : ^ . 




iwigpnc *oa in conmimnoat nncinc from 40A »« 7nv /«/„vT~ TrS?/,* 



v'r^^Pt A- process- as datmcd Jo any 



tw wu«a# i« Huwraiy ajoenfoe 
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wherein the dotted lines indicate the presence of a single or double bond between 
C, and C, and between C, and C,; when there is a single bond between C 4 and Q, 
the hydrogen m position 5 ts ^-oriented; , - 

- V >t^rt v *~ UyArr^, „ r Hi^m nr mcThyl; wh en rh rra it a iingU bon d U t ww u 

d and.C, X is <roriented; • 

Z is hydrogen or halogen, or a free or carboxylic acid-esterined hydroxy «roup, 
and. obtaining as end products the 9«-haloa hydroxy- 16tf,17^cyclic acetal or keul 
derivatives corre sp onding to the following formula: 
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Xt- Y-mA-Z are a y he reiaDelf yi^^TV^ ^ 



whffrfn the dotted -line^ 

' Y f is halogen; . ... . 

oi wbsrim^ lower (C^r-CJ alky!, cydoalkyl, benzyl 

. 9 h *T**^'| 0W ^ (C,^) alkyl, halo lo wer (C,-^C t V alkyL cyckUlkyl, 
. Deszyt or substituted. benzyL- •* ,.,■;-*...* . * 

■ Aj*???*^ 1 cl^fflacd mclaim 6, in which X and Y are chlorine or fluorine, 
and Z ts fluorine. - : r < c.-:-' ; * m - . . . -^ *_ *'~ - . *- ■ 

8, A process as claimed in daim 1 for the' preparation of triairxinolone 16U7- ■ 
; f«onide, ct^mes reacting V41#eooxy-16a>17^ • 

fey"^ > ? °^? 0 P e J"*. hydrofluoric add at a contrition between 40% and 

.70% by w ey jn .tae p re t en c e of acetone, at a temperature of about-— 10°C • * ' r 

?V A' 'PF° cet> ; M cfrgned in xkhn 1 for the preparation of fluodnolone 16,17- 
^ t^^^l^cpory ^Alaai - tribydroxy . ^ 

-522^^211*^" " dwoc wirfi aoflcour hydrofluoric acid at a concent ! 

L^ r * f ^l:"r rwT r? Qlk. * ^ 7Q% hy wc ^ gj a t I n the pre ae nc e of acetone at a te mper a- 



•;-..25:' 



130: 



I' 35: 



.■ ;■■ ~ j% A ppcea :m ch^ fa daim 1 for the preptnjticra of fluodnolone 1417- 
hjdrtifiaocfc add at a oonoeotndoa bttwmi.40% and 70% by wriAt iri tfae prtance :v 
-gpP» - t rib^ o ^ pic g u -.4 r- eoe.f 3,20 > diboe 16;i7^ac«6dide,;, : 

IT'***?? • IB , ™* praenee" of ketone at a teoperttnre , of abtmt ■ : 



I f.'. •* *"•' 



*'"f.- '•'i'*.-: >r:--i- »• •• ' S'-f; t/ - 
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12. A process for the preparation of 16o,17a-cyciic acctmls or kcals of 9^halo- 
11/Nbydroiy Ceroids of the pregnane series as dttmcd^io any one of claim* 1 to 
10, subscantiaDy as hereinbefore described. /V^ 

13. A 16.r t 17<r-cyclic aoetal or ketal of .a 9rr-haio-l 1/Mrydroxy ceroid of the 
pregnane scries whenever prepared by a process as claimed in any preceding daim. 
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